Flies provide an important model for studying complex behavior due to the plethora of genetic tools available to researchers in this field. Studying locomotor behavior in Drosophila melanogaster relies on the ability to be able to quantify changes in motion during or in response to a given task. For this reason, a high-resolution video tracking system, such as the one we describe in this paper, is a valuable tool for measuring locomotion in real-time. Our protocol involves the use of an initial air pulse to break the flies momentum, followed by a thirty second filming period in a square chamber. A tracking program is then used to calculate the instantaneous speed of each fly within the chamber in 10 msec increments. Analysis software then compiles this data, and outputs a variety of parameters such as average speed, max speed, time spent in motion, acceleration, etc. This protocol will discuss proper feeding and management of flies for behavioral tasks, handling flies without anesthetization or immobilization, setting up a controlled environment, and running the assay from start to finish.
Part 5: Analysis of Videos
Representative Results: Figure 1 shows representative traces from wild type Canton S organisms ( Figure 1 , left panel) and flies null for the dCASK gene which were generated by crossing two large overlapping deletions (Df(3R)x307 and Df(3R)x313) ( Figure 1 , right panel). dCASK null flies have previously been shown to have locomotor problems using Buridan's Paradigm 3 , and in our paradigm, compared to Canton S, they show greatly decreased locomotion. We always run wild type organisms first to make sure that conditions and behavior are within the normal range on a given day. We have observed deviations from standard responses in less than 5% of testing days. These differences can usually be attributed to problems with parameters of our controlled environment. Wild type flies were run in the locomotor assay (above) following an air pulse (purple bars) and without an air pulse (blue). In all parameters calculated by the analysis program, there were no significant differences between the two conditions (determined with two-tailed student t-test). This demonstrates that following an air pulse, flies locomote normally in our setup.
Discussion
In our setup, a moderately strong air pulse transiently stops fly movement. When the air pulse ends, the flies are released from this stationary state and locomote normally, as shown in figure 2. Because this air pulse effectively synchronizes locomotion of the population, we use it to begin the trial so that we can also study the onset of movement following a momentum-breaking stimulus. The assay can, however, be done without an air pulse since locomotor parameters following initiation are unaffected by the air pulse ( Figure 2 ).
One frequently occurring problem seen with automated analysis of locomotion is the issue of collisions. Tracking programs are for the most part notoriously bad at dealing with flies that collide. These programs often lose "sight" of an object momentarily during a collision, and upon finding this object label it as a new object. The result can be an output that has many more objects traced than actually exist in the chamber. Many people solve this problem by tracing single flies. The obvious problem with this, however, is that single fly behavior may be very different than population behavior due to the role of social cues in Drosophila behavior and locomotion 4 . This is, of course, not necessarily a bad thing, depending on what you are trying to study, but for our purposes, we prefer to use populations of flies to increase our statistical power. Because of this, we deal with collisions in two ways. First, we only use 8-10 flies per trial (in our 56 mm sq chamber), so that collisions will be minimal. Second, within our thirty second trials, we only analyze traces that are at least 18 seconds in length. By doing this, we are always recording enough time to capture multiple bouts of motion in their entirety. This also ensures that our sample size always reflects the number of flies in a chamber, as smaller fragments of motion are discarded and the total length of the video is only 30 seconds.
Data analysis can be the most difficult part of this whole process. The most important step of analyzing tracking data is to determine the difference between noise and motion. DIAS (like many other programs) will almost never output a speed of 0 mm/s, even if the fly has stopped moving. Because of this, it is important to watch the videos while looking at the data output frame by frame to see when the organisms are actually in motion, and when they are not. In our setup, all speeds below 1 mm/s seem to be noise, which is consistent with what other groups using DIAS have found with adult flies 1 . For looking at the dynamics of bout structure, one also needs to define a bout. We define activity as 3 or more consecutive frames of speed above 1 mm/s, and inactivity as 3 or more consecutive frames below this threshold.
The data must also be properly smoothed to eliminate artifacts from transient light flickering and camera distortions, which occasionally occur. There is no standard method for data smoothing, but it is important that the smoothing process does not change the general trend of the data too drastically, or one can generate smoothing artifacts. We smooth twice with a Tukey window of "5,15,60,15,5", because it seems to eliminate any large jumps or changes in speed that are clearly wrong, but does not change the overall trend or nature of the data.
It is important to recognize that different setups and environments will produce different behavioral outcomes. Our recommendation to anyone setting up a tracking assay is to experiment with all of these issues until you find a method which produces data that matches what can be seen visually, and then be as consistent as possible in treating all data in the same manner.
Selection of the right tracking program is also important. Although we use DIAS 3.2 (www.solltechnologies.com), this is by no means the best or the only system available. If you have set up a tracking assay and cannot get reliable recordings, there are a few things to consider. Circadian rhythm issues are often a big problem. When running behavioral assays, one should always make sure NOT to run flies during their midday siesta. Since we are currently interested in genes that can produce decreases in locomotor behavior, we prefer to run flies near the late afternoon activity peak (ZT 8-10). Another problem can also arise from inconsistent air flow from the source. Before starting trials, be sure to test the air flow with the flowmeter, so that it will not fluctuate greatly over the 15 second air pulse. Lastly, genetic background can play a role in all behavioral tasks, so some of the parameters of this assay may need to be optimized for a particular background.
